Abstract Breast cancer is the most common female cancer in Europe, but its incidence and mortality are rapidly changing across Europe. The early termination of the women's health initiative (WHI) trial, after the detection of an increased breast cancer risk in hormone replacement therapy (HRT) users, was followed by strong declines of HRT use worldwide. We investigated whether the reduction of HRT sales affected breast cancer incidence in the Belgian province Limburg. All women registered in the Limburg Cancer Registry with a diagnosis of invasive breast cancer diagnosed between 1/1/1996 and 31/12/2005 were included in the study. Data on the use of HRT in the population were obtained from the vendors and the social security system. For age-standardization using the direct method, the European standard population was taken. In 2003 and 2004, the breast cancer incidence rate decreased significantly as compared to 2002 for women aged between 50 and 69 years. This sudden drop in the incidence intercepted a markedly increasing trend until 2002, but was followed again by an increase in 2005. Between 2002 and 2006, the sales of HRT (about 75% to women aged 50-69 years) were reduced by 41%. Breast cancer incidence was maximally related to HRT use in the previous year (R 2 = 77%). The decrease of breast cancer incidence in the Belgian province of Limburg may largely be related to the fall of HRT use following the early termination of the WHI trial. This suggests that HRT stimulates the growth of preexisting, clinically latent tumours that may not otherwise become clinically apparent.
Introduction
Breast cancer is the most common female cancer in Europe, accounting for 29% of all cancer cases in women. Incidence is generally moving upwards and mortality downwards [1, 2] . Despite the introduction of organized mammography screening, it remains the leading cause of death from cancer in women [3] . Most breast cancer risk factors are related to a woman's lifetime exposure to estrogens and progestagens: early menarche, late menopause and postmenopausal exogenous hormones increase the risk; while events that decrease the number of menstrual cycles, such as late menarche, multiparity and early menopause, reduce the risk [4] . Lactation and early first birth protects against breast cancer. Alcohol use increases the risk. Body fatness is a risk factor for postmenopausal breast cancer; while it protects against premenopausal cancer. Physical activity protects mainly against postmenopausal cancer [5] .
The positive relationship between breast cancer and hormone replacement therapy (HRT) has been extensively summarized in a collaborative reanalysis of 51 epidemiological studies: breast cancer risk is increased in women using HRT and increases with longer durations of use; the excess risk drops after cessation and disappears largely after 5 years [6] . In July 2002, the results of the women's health initiative (WHI) randomized trial confirmed that combined estrogen-progestin use was positively associated with increased breast cancer risk [7] . The early termination of the WHI trial received mass media attention and was followed by strong declines of HRT use in the western world [8] . One year later, the Million Women Study, a cohort study of British women, demonstrated that past users did no longer have an increased risk of breast cancer occurrence [9] .
The first report linking the reduction of use of HRT to changes in breast cancer incidence described a 1-year 6.7% decrease in the overall incidence of invasive breast cancer in the United States in 2003 [10] .
In the 1990s more than 25% of postmenopausal women in Belgium used HRT as in the USA [11] . In this study, we investigated whether the reduction of HRT use, following the publication of the preliminary results of the WHI trial, affected breast cancer incidence in the Belgian province of Limburg [12] .
Methods

The Limburg cancer registry
The province of Limburg (total female population: 408,134 on 31/12/2005) is situated in the north-eastern part of Belgium [13] . The Limburg Cancer registry (LIKAR) was founded in 1993. Its major objective is to follow the incidence and trends of histologically or cytologically confirmed cancers of all inhabitants of Limburg and to continuously analyse the collected data. These data are provided by all the pathological, cytological and hematological laboratories located in the province and by some laboratories outside the province which more than occasionally examine samples from Limburg inhabitants [14] . In the analysis, all women with a diagnosis of invasive breast cancer diagnosed between 1/1/1996 and 31/12/2005 are included Table 1 .
Use of hormone replacement therapy in Belgium
Data on drug use and sales are only available on a national level. We assume, however, that trends of HRT use in the province of Limburg do not substantially differ from the trend in the entire country of Belgium.
Data were obtained from two different databases. Firstly, information was collected on the sales of the following HRT preparations in Belgium between 1992 and 2006 (orally or transdermally administered drugs): combinations of estrogen and progestin (in one vehicle or separately), estrogen only, and tibolone [15] . Tibolone is a synthetic steroid that possesses weak estrogenic, progestational and androgenic properties [16] .
Secondly, for the period 2002-2005 information was obtained from the 'Intermutualistisch Agentschap' (IMA), which collects data of all Belgian Health Insurance companies. For a random sample of the Belgian population (stratified by age, sex and residence), the prescribed and reimbursed medication per person is registered. The sample covers 2.5% of the national population. The IMA data were used to study the age distribution of women taking HRT and used as a check for the data collection based on sales of HRT preparations. By restricting the analysis to women taking at least 55 DDDs HRT per semester, occasional users were excluded.
A list of the preparations included in the analysis is provided in the Appendix.
Statistical analysis
The population at risk was calculated as the average of the population at the beginning and the end of each year. Agespecific incidence rates were expressed per 100,000 women per year. European standardised incidence rates (ESR) were calculated by applying the observed age-specific rates directly to the European standard population [14, 17] . Sales of drugs are recorded as units delivered to patients; data covering 1 year were redefined to 'defined daily doses' (DDD) and divided by 365 to obtain 'a yearly dose'. The number of yearly doses estimates the number of women taking HRT.
To know the total amount of women who are taking a combination of estrogen and progestin we had to calculate the amount of separately sold estrogen that was opposed by progestin. The latter was calculated by assuming that the fall in sales of progestin between 2001 and 2006 is largely due to the reduction in sales of progestin that opposes estrogen. The following formula represents the decrease of estrogen: Z = (DDD of estrogen in 2006)-(DDD of estrogen in 2001). The change in sales of progestin, calculated in the same manner, was named Y. The percentage of (separately sold) estrogen that is opposed by progestin was calculated as (Y/Z) 9 100 and equalled 54.1%.
In Belgium, the reimbursed HRT preparations represent on average 57% of all sold drugs used as HRT. As reimbursed and not reimbursed medication disperse equally in the population, the percentage of women using reimbursed HRT per age group was multiplied with 1.8 to correspond with the total HRT consumption.
Breast cancer incidence in women between 50 and 69 years was related to the HRT use in the years of diagnosis as well as in the years before, using linear regression analyses in order to study the time frame in which HRT use maximally predicted breast cancer incidence.
The evolution over time of the probability of having breast cancer was investigated by means of a breakpoint analysis. In this analysis the logit of the probability of having breast cancer is described by three straight lines. 
Results
Time trends in invasive breast cancer incidence rates in the Province Limburg
During the period 1997-2002, age-standardized invasive breast cancer incidence increased steadily: ESR raised from 96 to 139 per 100,000 women (?45% in total or 9% yearly) [14] . However, in 2003 the incidence rate decreased sharply (ESR: 125/100,000) and this reduction continued in 2004 (ESR: 113/100,000) (-9.5% yearly). This reduction was followed by an increase in 2005, the last year for which data are available (ESR: 130/100,000) (?15%).
The evolution of the incidence rates differed for the different age-groups. For women below the age of 50 no significant trend change in incidence rates was noted in the period 1996-2005.
For women aged between 50 and 69 a break point analyses was performed to investigate whether or not the increase and decrease are significant from a statistical point of view. The breakpoints were fixed in 2002 and 2004. The model describes the probability that a woman, aged 50-69, gets breast cancer. Between 1996 and 2002, this probability rose significantly. Every year, the odds increased by 1.09 (P \ 0.0001). Between 2002 and 2004 the probability declined. The odds decreased every year by 0.98 (P = 0.0040). The last period, between 2004 and 2005 is too short to be decisive: the probability increases not significantly (P = 0.076).
For women aged 70 years and above the incidence rate in this 10 year period rose more steadily (Fig. 1) .
Furthermore, for women aged between 50 and 69 years, the evolution of the incidence of invasive lobular carcinoma was more marked than the one of invasive ductal carcinoma. Invasive lobular carcinoma rose between 1996 and 2002 from 20 to 59 cases per 100,000 (?200%; RR = 3.00 (95% CI 1.73-5.22; P \ 0.001)) and fell to 31 cases per 100,000 in 2004 (-47%; RR = 0.53 (95% CI 0.34-0.83; P \ 0.01)); invasive ductal carcinoma, respectively, rose from 139 to 275 (?98%; RR = 1.98 (95% CI 1.59-2.47; P \ 0.001)) and fell to 224 (-19%; RR = 0.81 (95% CI 0.68-0.98; P \ 0.03)). The increases in 2005 of both groups were not significant (Fig. 2) .
Evolution of the use of HRT in Belgium
In 1992 173,612 yearly HRT doses were sold, of which 27% as fixed estrogen-progestin, 35% as opposed estrogen and 38% as unopposed estrogen. In 2001, sales peaked to 349,879 yearly doses of which 43% as estrogen-progestin, 22% as opposed estrogen, 24% as unopposed estrogen and 11% as tibolone. This was followed by a drop in the use of HRT. In 2005 sales were reduced by 41% to 203,970 yearly doses (of which 39% as estrogen-progestin, 21% as opposed estrogen, 23% as unopposed estrogen and 17% as tibolone) (Fig. 3) . We examined the yearly sales of the different HRT preparations in detail. The sales of the opposed estrogen and estrogen-progestin combinations evolved similarly. Between 2002 and 2006, the sales were reduced to 50%. However, the trends in tibolone sales differed: it rose until 2003, fell in 2004 with 15% and then stabilized.
In 2002 9.8% of women aged 45-49 years used HRT; while this proportion was 27% and 9.2% in the women aged 50-69 years and 70-74 years. As discussed above, in 2005, HRT use was significantly lower (5.3, 12 and 5.3% for the different age-groups, respectively) (Fig. 4) . More than 75% of all hormones were bought by women aged 50-69 years.
Relation between trends in HRT use and trends in breast cancer incidence Since the start of the registration of breast cancer incidence in Limburg (1996 up to 2004), the change in breast cancer incidence in women aged 50-69 years followed a time course that is similar to the use of HRT. A linear regression model was used to relate the breast cancer incidence in women aged 50-69 years to the HRT sales. It turned out that the HRT sales in the year before explained the incidence best. The relationship can be described by the following expression:
Incidence in year ðxÞ ¼ À142:5 þ 0:00141 Â HRT sales in year ðx À 1Þ:
The HRT sales in year (x -1) explains 78% of the variability of the incidence in year x (P = 0.002). However, sales of HRT lost significance in explaining the breast cancer incidence, if the data of 2005 were added (Fig. 5 ). 
Discussion
In Limburg, the changes in breast cancer incidence among women aged 50-69 years followed a trend similar to the use of HRT. The sharp decrease in breast cancer incidence in 2003 seems to be temporally related to the impact of the first report of the WHI trial and the subsequent drop in HRT use, which started in the last months of 2002. The increase in breast cancer incidence noted in 2005, opposed the further declining trends in HRT use.
The first report linking the reduction of use of HRT to changes in breast cancer incidences was the description of a 1-year 6.7% decrease in the overall incidence of invasive breast cancer in the United States in 2003 [10] . Regional cancer registries of Germany and Switzerland, two other countries characterized with high prevalence of HRT use in the nineties, described also changes in breast cancer incidence patterns [18, 19] . In contrast, in the Netherlands, the decrease in HRT use did not yet appear to influence breast cancer risk [12] .
However, only 13% of postmenopausal women in the Netherlands used HRT in the period between 1993 and 1997 [20] . Similarly, in Sweden and Norway, no decrease of breast cancer incidence was noted [21] .
Time trends in breast cancer incidence depend on mammographic screening leading to earlier diagnosis, a shift in the distribution of the established risk factors of the population or better health awareness [22] . We demonstrated a dramatic reduction in one risk factor: the use of HRT. We believe that although the incidences of other risk factors such as obesity or health awareness behaviour may have changed over the past 10 years, it was not nearly as important as the reduction of HRT.
As screening mammography influences breast cancer incidence we studied variation of screening during the study period. The start of a screening programme leads to an increase in incidence rates, as both prevalent (the so called 'prevalence pool') and incident cases are being diagnosed. But when the penetration of a screening programme reaches a plateau and the pool of prevalent cases decreases, incidence rates drop [23] . Up to 2000 biennial mammographic breast cancer screening for women aged 50-69 years was not well organised in Belgium: municipalities, provinces, the Flemish and Belgian government launched most of the time independently programmes to make women and physicians more aware about the importance of mammography. These actions resulted to the following proportions of screened women (aged 50-69 years): 38% in 1990-1991; 46% in 95-96 [24] approximated the rate of 2001. The interference of screening mammography consequently could have diminished the influence of the rising and declining HRT use on breast cancer incidence and it could be responsible for the increased incidence in 2005. This results endorse other observations indicating that HRT use is a more important factor than screening as an explanation for the rise and drop of breast cancer [26] . Furthermore, HRT use affects mammographic screening in two ways. Firstly, women who take HRT have access to health care, thus have a greater likelihood of being treated for co-morbidity or being motivated to undergo mammographic screening [27] . However, in the province of Limburg, the reduction in HRT use was not followed by a decrease in mammographic screening, in contrary the screening rose in that period. Secondly, estrogen and progestin use is associated with an increase in breast density leading to a reduction in sensitivity and specificity of the mammography; thus cessation of HRT use may lead to the detection of some tumours which were invisible before and thus to a short term increase in incidence [28] . Saturation of screening may partly be responsible for the observed decline in breast cancer incidence.
Use of HRT seems to be associated with a high risk of tubular and lobular invasive carcinomas, which are typically small, low grade and hormone receptor positive [9] . In contrast, the association with invasive ductal carcinomas is lower [29] . Our results endorse this relative susceptibility: the decline in invasive lobular carcinoma was larger than of invasive ductal carcinoma. Recent analyses on 13 US regional cancer registries found inverse results, leading the authors to hypothesize that saturation in screening was primarily responsible for the decline in rates seen in the US [30] . In that study the in situ tumour rates also remained constant [30] . However, in the Limburg Cancer Registry the incidence of non-invasive breast tumours carefully followed the pattern of the invasive tumours (data not shown), as in global population in the US [31] . Our results plead more for a hormonal effect caused by HRT use.
The association between changes in HRT use and changes in breast cancer incidence is biologically plausible. It may be that HRT promotes growth of pre-existing, clinically latent, hormone-dependent cancers of low malignant potential, that may not otherwise become clinically apparent [32] . This suggests that exogenous hormones stimulate growth of occult tumours rather than act as initiators of carcinogenesis [33] . Biologically, it seems indeed that exogenous hormones do not induce malignant tumours de novo, but accelerates the growth of already existing tumour cells [34] . In another study the decrease in proliferation was limited to ER-positive, but not ER-negative tumours upon withdrawal of HRT, and this within a month after stopping [35] . The increase in breast cancer incidence in 2005 may be consistent with the hypothesis that changes in the hormonal environment temporarily slowed the growth of tumours instead of a more profound effect on breast cancer occurrence [10] . A longer follow up of the incidence of breast cancer must help to fully understand the biological mechanism [36] .
Over the registration period, no changes were made in the procedures of cancer registration, nor in the collection and analyzing of the data. No other drugs besides HRT showed substantial changes in sales during the period 2002-2005. The sales of selective estrogen receptor modulators started in 2000 and reached 4% of the total HRT sales in 2002, but stabilized at 5% during the following years.
In interpreting our results, some limitations need to be considered. Our study had a descriptive, ecological design and was not based on individual data on the use of HRT, mammography screening and breast cancer. Ecological studies can most often not demonstrate a causal association, but merely suggest hypotheses for further investigation. Ecologic fallacy arises when we ascribe to a group of women characteristics (such as prevalence of HRT use) that they may in fact not have as individuals. However, the changes are strong and statistical significant, even for the decreasing leg of the incidence curve only lasting for 2 years. Although the cancer registry makes considerable efforts to contact the laboratories examining biopsies from inhabitants of Limburg, some underreporting may exist. The risk of breast cancer among HRT users seems to be greater for early-stage, small, low-grade, ERpositive tumours than for tumours with a higher stage and grade [32] . Unfortunately, we were not able to confine the analyses to stage or to hormone positive tumours as LI-KAR does not register tumour size and stage at diagnosis or if the tumour is hormone positive.
In conclusion, we found that the recent decrease of breast cancer incidence in the Belgian province of Limburg seems strongly related to the previous and concurrent fall of HRT use following the early termination of the WHI trial. HRT stimulates the growth of pre-existing clinically latent tumours with low malignant potential but can also accelerate the growth of already existing tumours. 
